INTRODUCTION
Water fleas (Crustacea: Cladocera) are small, soft-bodied branchiopod crustaceans and are a diverse and ubiquitous component of inland aquatic communities (Dumont and Negrea, 2002) . Despite this, their pre-Quaternary fossil record is very sparse -owing to the fact that they are universally small (majority are less than 1 mm, a few are about 5-6 mm long) and are hard to identify as compression fossils. There are intriguing indications that the sparse known fossil record does not correlate with a meager past diversity. The rarity of the cladoceran fossils is probably an artifact, a result of insufficient efforts to find them in known and new palaeontological collections (Kotov, 2007) . Over the past two decades, our knowledge of fossil cladocerans has increased dramatically due to the close examination of ancient lacustrine sediments by cladocerans experts. The result of this has been a flurry of new species and the dis-2 covery of two extinct, order-level clades of cladocerans, the Cryptopoda Kotov, 2007 and the Proanomopoda Kotov, 2013 (Kotov, 2007 , 2013 .
Two of the four major orders of cladocerans, Haplopoda Sars, 1865 and Onychopoda Sars, 1865 , have no pre-Quaternary fossil record, and a third order, Ctenopoda Sars, 1865 (aside from Quaternary records) is only known from four midto late Mesozoic Mongolian and Asian Russia lacustrine localities (Kotov, 2007; Kotov and Korovchinsky, 2006) . The most diverse modern order of cladocerans, the Anomopoda Sars, 1865, has a meager representation in the fossil record with a handful of species known from body (excluding ephippia) fossils (Smirnov, 1992; Kotov, 2007 Kotov, , 2009a Kotov, , 2009b Kotov, , 2013 . The status of the purported Paleozoic fossil 'anomopod' Ebullitiocaris Anderson, Crighton, and Hass, 2004 reported by Womack et al. (2012) is highly dubious as the position of the "second antennae" relative to the carapace conflicts with the body plan of all other known cladocerans -living or extinct.
Anomopod egg cases or ephippia (dormant embryos), provide another glimpse into their fossil record-one with a better preservation potential than fossils of the body. Ephippia enclose resting eggs (typically the product of sexual reproduction) encased in a protective outer covering formed from part of the dorsal chitinous carapace of the mother (Dumont and Negrea, 2002) . Anomopods are the only group of cladocerans to produce such cases (Kotov, 2009a (Kotov, , 2013 . Some major groups of living anomopods (i.e., from the families Daphniidae Straus, 1820 and Moinidae Goulden, 1968) produce characteristic ephippia that are diagnostic down to the genus level (Berner, 1985; Scourfield, 1902; Kokkinn and Williams, 1987; Lu, 2001; Vanderkerhove et al., 2004; Mergeay et al., 2005) .
The aim of this study is to update the taxonomic status of some cladoceran remains from the freshwater lacustrine sediments of the Lower Cretaceous Koonwarra Fossil Bed, Australia.
MATERIAL AND METHODS
Although ephippia have a higher preservational potential than cladoceran body fossils, they are not used to describe modern species -in fact, they are undescribed for a number of extant species (Kotov, 2013) . However, representative ephippia are known from many cladoceran genera, and some of those genera are characterized by distinctive ephippial morphotypes that often allow for identification at the genus level (Kokkin and Williams, 1987, Vanderkerhove et al., 2004; Mergeay et al., 2005; Szeroczyńska and Sarmaja-Korjonen, 2007) . Thus, the fossils discussed herein are kept in open nomenclature at the genus level. The specimen was found while one of the authors (TAH) was reviewing the figured specimens of the anostracan species from the Koonwarra Fossil Bed (Jell and Duncan, 1986 , further details below under Occurrence). Specimens were photographed with a Leica and Zeiss binocular microscope and digital camera. The contrast was enhanced using Adobe Photoshop. Drawings were produced using Adobe Illustrator. The modern specimens of Ceriodaphnia sp. and Daphnia magna were lyophilized (freezedried), coated with gold, and imaged with a JEOL-840A scanning electron microscope.
SYSTEMATIC PALAEONTOLOGY
Phylum ARTHROPODA Latreille, 1829 Subphylum CRUSTACEA Brünnich, 1772 Class BRANCHIOPODA Latreille, 1817 Subclass DIPLOSTRACA Gerstaecker, 1866 ?Diplostraca indet. No further details are recognizable. In addition, the specimens seem to be strongly deformed, and may represent either molted exoskeletons or carcasses that had undergone significant decay of soft tissue prior to preservation. Discussion. Jell and Duncan (1986) reported on several fossil specimens identified as daphniid body fossils. However, they list no daphniid-specific synapomorphies to support their identifications. Furthermore, many of their interpretive drawings suggest a chydorid-like body shape (round with a pointed rostrum) rather than a daphniid-like shape (more elliptical, rounded head shield, often with a posterior apical spine). Size and shape are really the only features that can be unambiguously described from these specimensand they are nearly impossible to translate into unambiguous synapomorphies. The specimens described above could also belong to Ceriodaphnia (family Daphniidae), but no real evidence for this could be found; the impressions are too deformed and badly preserved. The specimens could easily belong to other anomopod genera, ctenopod cladocerans, or possibly even juvenile clam shrimp (Spinicaudata, Laevicaudata, or Cyclestherida).
Occurrence. Lower Cretaceous Koonwarra Fossil Bed, Strzelecki Group, south Gippsland, Victoria, Australia. The age of this bed is constrained to a maximum age of between 115±6 Ma and 118±5 Ma (Aptian) by fission track radiometric ages derived from volcanogenic apatites isolated from above and below the fossil-bearing strata (Lindsay, 1982, see Drinnan and Chambers, 1986) . This is consistent with age estimates derived from palynological data (Dettmann, 1986; Drinnan and Chambers, 1986 Material. NMV P332637, Museum of Victoria. The rock which contains this specimen also contains fossil anostracans (see Jell and Duncan, 1986, figure 73A) . Additional specimens are figured in the Appendix 1. Description. Ephippium shaped as half an oval bisected along the short axis, straight dorsal margin, length = 0.6 mm, height/length = 0.8, posterior margin is symmetrically curved with a possible faint rim preserved around the ventral margin. No ornamentation is preserved, as in some extant species of Ceriodaphnia (Figure 2.1) . Single oval-shaped egg, long axis of the egg oriented parallel to the dorsal margin. Maximum egg length/max ephippial length = 0.5 (assuming that the carbonaceous material represents the true size of the egg). The ephippium is preserved mostly as an impression, with a small amount of carbonaceous material pre- served medially -this may represent the remains of the resting egg. Discussion. The fossils discussed herein were originally identified as daphniid indet by Jell and Duncan (1986) and were discussed alongside the putative cladoceran body fossils. In their remarks, they speculated that the ephippia they examined possibly belonged to either Simocephalus or Ceriodaphnia (Jell and Duncan, 1986, p. 193). Fryer (1991) revisited Jell and Duncan's (1986) material and demonstrated the presence of Simocephalustype ephippia based on their single egg and asymmetrical lateral outline. A closer examination of the cladoceran ephippia examined by Jell and Duncan (1986) demonstrate that the genus Ceriodaphnia is also present.
Daphniidae in general have a strongly developed, firm, well-elaborated ephippia (in contrast to chydorids and macrothricids, in daphniids and moinids the ephippiual portion of the female caparace is significantly modified, thickened, supplied with air loculi between internal and external wall), and bearing only 1-2 resting eggs (Kotov, 2013) . The symmetrical (in lateral view), half-oval shape of the ephippium coupled with the presence of one extremely large resting egg is characteristic of Ceriodaphnia (see Figure 2 .1 for a SEM image of a modern female Ceriodaphnia with ephippium prior FIGURE 2. Modern Ceriodaphnia sp. 1, Scanning electron microscope image of a modern ephippium-bearing Ceriodaphnia sp. female (collected from Glubokoe Lake, European Russia) prior to releasing the ephippium during molting, ephippium tilted slightly away from angle of photograph, scale bar equals 0.1 mm. 2, Scanning electron microscope image of the mandibles of Daphnia magna, scale bar equals 0.1 mm.
to moulting). Other lineages within Daphniidae have either different shaped ephippia, have ephippia with two resting eggs, or both (see the discussion in Kotov 2009b Kotov , 2013 . Simocephalus, from the same locality, has a strongly asymmetric outline (in lateral view) that is like a teardrop shape bisected along the long axis. Among the other single-egg-ephippia cladocerans, chydorids have an ephippium with thin, slightly modified walls (as compared with parthenogenetic female) and curved dorsal margin (Vandekerkhove et al., 2004) , and moinids have much more rectangular to elliptical outline with stronger sculpture (Goulden, 1968; Fryer, 1991; Lu, 2001) .
In extant daphniids, the ephippium length is normally more than half of the female length, such a relationship would predict an adult female length of about 1 mm. This size is characteristic of many recent species (i.e., C. dubia Richard, 1894 , C. reticulata (Jurine, 1820 , amongst others, see Flössner, 2000) and is roughly equivalent to the size of the undiagnostic circular fossils identified by Jell and Duncan (1986) as the body fossils of daphniid cladocerans described also above (although plausible as fossil cladocerans, the main cited similarity between the fossils and cladocerans is their size and their circular shape).
The fossil Ceriodaphnia ephippium does not preserve any evidence of sculpture. Among recent species (Hudec, 2010; Kotov, 2013) ephippial sculpture is variable-there are both taxa with ephippia covered by a complicated sculpture and those without any sculpture. Therefore, the ephippium from Koonwara is within the range of variation known from recent species. Occurrence. Same as above.
CONCLUSIONS
The ephippia specimens reported here bring the total identified cladoceran fauna from the Koonwarra Fossil Bed to two -representing Ceriodaphnia and Simocephalus (Fryer, 1991) . Neither of these genera are endemic to Australia, rather they have a widespread distribution (Smirnov and Timms, 1983) . Today in addition to a number of cosmopolitan genera like Ceriodaphnia and Simocephalus, Australia has a unique and highly diverse fauna of cladoceran genera -owing to its long separation from Gondwanaland. In the cladoceran fossil record of Australia, which is restricted to ephippia, there is no trace of this uniqueness (i.e., no known fossils of the modern endemic genera). Both recorded genera are also known from roughly coeval deposits in Mongolia (Ceriodaphnia, see Kotov, 2009b; Simocephalus, see Smirnov, 1992; Kotov, 2007; Kotov and Taylor, 2011) . During the Late Jurassic and Early Cretaceous, Mongolia and Australia occupied opposite hemispheres and were even more separated from one another than they are today. Thus, several daphniid lineages were already widespread by the mid-to late Mesozoic. This implies that the long-range dispersal mechanisms common among cladocerans (i.e., being able to survive passage through the digestive system of a predator, see Mellors, 1975; Proctor, 1964) had probably already originated by the middle Mesozoic. Outside Australia, most of the major clades of anomopod cladocerans had already originated by the end of the Jurassic, according to the ephippial fossil record (see the table in Appendix 2).
